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Claim 

1. A method for the preparation of a low-temperature sintered planar hexagonal iron- 
oxygen substance by oxide modification, characterized by the fact that said method uses an oxide 
of Cu or Cu and Zn in the modification of pure C02Z (Ba3Co2Fe2404i) to prepare an iron-oxygen 
substance (Co2- x -yZn x CUy)Fe24-50 4 i powder, with parameters in the formula being 0<x<l,0<y 
< 0.8 and 0 < 8 < 2, and its preparation method includes the following steps: 
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(1) Appropriate amounts of analytically pure Fe203, C02Q3, BaCC>3, CuO and ZnO are 
weighed according to stoichiometric ratios; 

(2) Ball milling and mixing are carried out in ethanol by using steel balls as the medium 
for 12-24 h, followed by stoving and sieving through 60-120 mesh; 

(3) It is heated at a heating rate of 2-10°C [sic; 2-10°C/min] to 1000-1200°C for pre- 
firing and maintained at that temperature for 2-5 h; 

(4) A flux Bi 2 0 3 or V 2 0 5 is added at 0-4 wt% to the pre-fired powder from Step (3), 
followed by ball milling and mixing for 24-72 h, after stoving, it is added to a 6-10 wt% PVA 
solution at the solution concentration of 4-7%, followed by sieving through 60-120 mesh, 
granulation and molding; and 

(5) It is heated at a heating rate of 2-10°C/min to 800-950°C and maintained at that 
temperature for 4-8 h to obtain a planar hexagonal iron-oxygen substance powder. 

The present invention relates to a method for the preparation of a low-temperature 
sintered planar hexagonal iron-oxygen substance by oxide modification. It can be applied 
appropriately to very high frequency multistage piece-type electrically sensitive parts. It belongs 
to the field of a new material and a new technology for electronic parts. 

With the increasing daily progress in surface-mount technology (SMT), the performance 
demand with respect to the surface-mount device (SMD) is increased steadily and the cost is 
decreasing steadily. As one of the important assembly devices of SMDs, piece-type electrical 
sensitization also has the same development trend. Soft magnetic iron-oxygen substances are the 
major substrate materials for the manufacture of piece-type electrical sensitization. In order to 
reduce the cost of parts, at present, only decreasing the iron-oxygen substance sintering 
temperature and using a relatively low -cost internal electrode material can be selected. The Ag 
or Ag-Pd alloy electrode is the most commonly used low-cost internal electrode material. 
However, its melting point does not exceed 961°C. In order to achieve co-sintering of the soft 
magnetic iron-oxygen substance material and the low melting point internal electrode material 
and to prevent the diffusion of Ag to the interior inside of the devices, it is necessary to decrease 
the final sintering temperature of the piece-type electrical sensitization. 

The commonly used medium- and high-frequency Ni-Zn-Cu soft magnetic iron-oxygen 
substances have already passed the preparation of a superfine, high-activity powder, succeeded 
in achieving low-temperature sintering of piece-type electrical sensitization, and have been used 
in production. However, in their application to very high frequency, planar hexagonal crystal 
system C02Z (Ba3Co2Fe24C>4i) type iron-oxygen substances, the low-temperature sintering cannot 
be achieved to date owing to the complexity in its own structure and composition. With the 
rapid development in information communication technology, the demand for performance with 
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respect to the piece-type electrical sensitization has increased steadily. People are eager to 
realize the low-temperature sintering of the Co 2 Z type iron-oxygen substance and market the 
corresponding multistage piece-type electrical sensitization products. 

The sintering temperature for the conventional iron-oxygen substance earthenware and 
chinaware technology is very high. For Co 2 Z (Ba 3 Co2Fe240 4 i) type iron-oxygen substance, it 
can reach 1250-1350°C. In order to lower the earthenware and chinaware sintering temperature, 
it is often necessary to add a relatively large amount of a glass phase compound or a 
low-melting-point compound. Although the process is easy to control and understand, some 
microwave performance, such as quality factors, cutoff frequency, dielectric constant and so on, 
of the sintered iron-oxygen substance sample are not all ideal. These seriously affect the 
commercialization of Z-type iron-oxygen substance materials and their parts. 

The objective of the present invention is to provide a method for the preparation of a low- 
temperature sintered planar hexagonal iron-oxygen substance by oxide modification. From the 
aspect of the structure of the material and on the basis of the conventional iron-oxygen substance 
earthenware and chinaware sintering technology, the microstructure of the C02Z 
(Ba3Co 2 Fe240 4 i) iron-oxygen substance is controlled through the addition of an effective 
component, so that the melting point of the iron-oxygen substance is lowered after controlling 
and modification. An appropriate amount of a flux is then added to achieve the objective of 
lowering the sintering temperature. The sample sintered in this manner has uniform crystal grain 
dimensions. The density of the material after the low-temperature sintering is also relatively 
increased. The process is relatively simple. The overall performance of the electrically sensitive 
parts made is also very good. 

The technology designed by the present invention is that an oxide of Cu or Cu and Zn is 
used in the modification of pure Co 2 Z (Ba3Co 2 Fe240 4 i) to prepare an iron-oxygen substance 
(Co2-x-yZn x Cu y )Fe24-604i powder, with parameters in the formula being 0<x<l,0<y<0.8 and 
0 < 8 < 2, and its preparation method includes the following steps: 

(1) Appropriate amounts of analytically pure Fe 2 0 3 , Co 2 0 3 , BaC0 3 , CuO and ZnO are 
weighed according to stoichiometric ratios; 

(2) Ball milling and mixing are carried out in ethanol by using steel balls as the medium 
for 12-24 h, followed by stoving and sieving through 60-120 mesh; 

(3) It is heated at a heating rate of 2-10°C to 1000-1200°C for pre-firing and maintained 
at that temperature for 2-5 h; 

(4) A flux Bi 2 0 3 or V 2 0 5 is added at 0-4 wt% into the pre-fired powder from Step (3), 
followed by ball milling and mixing for 24-72 h, after stoving, it is added to a 6-10 wt% PVA 
solution at the solution concentration of 4-7%, followed by sieving through 60-120 mesh, 
granulation and molding; and 
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(5) It is heated at a heating rate of 2-10°C/min to 800-950°C and maintained at that 
temperature for 4-8 h to obtain a planar hexagonal iron-oxygen substance powder. 

The present invention uses an ordinary oxide earthenware and chinaware technological 
method. It starts with the structure of the material itself without changing the conventional oxide 
earthenware and chinaware technological flow process. The low-temperature sintering is 
realized successfully. It enables reduction of the sintering temperature by 400°C or so. 
Furthermore, the particles after sintering at 900°C or so are relatively small. The crystal size 
distribution is also relatively uniform. The overall magnetic performance of the material is also 
better. By using this method, no investment is needed in new production facilities. High- 
performance multilayer piece-type electrically sensitive parts (MLCI) can be produced without 
changing the conventional technological method. Since lower-temperature sintering has been 
realized, a large amount of electrical energy is saved and the facility wear is decreased, thus 
remarkably decreasing the production costs of the powder and electrically sensitive products. 

Explanation of attached figures: 

Figure 1 shows the magnetic performance of a sintered iron-oxygen substance sample, in 
which |Jd represents the initial magnetic conductivity and Q represents a quality factor. 

Figure 2 shows the jiQ product of the sintered iron-oxygen substance sample. 

In the diagrams, the dashed line represents an unmodified sample and a solid line 
represents a modified sample. 

The application examples of the present invention are given in the following. 

A pplication Example 1 (Ba3C01.8Cuo.2Fe23.6O41) 

(1) Analytically pure Fe 2 0 3 , Co 2 0 3 , BaC0 3 and CuO were weighed according to 
stoichiometric ratios; 

(2) Ball milling and mixing were carried out in ethanol by using steel balls as the medium 
for 24 h, followed by stoving and sieving through 60 mesh; 

(3) It was heated at a heating rate of 3°C/min to 1 120°C for pre-firing and maintained at 
that temperature for 3 h; 

(4) Bi 2 0 3 was added at 2 wt% to the pre-fired powder from Step (3), followed by ball 
milling and mixing for 48 h, after stoving, it was added to a 6-10% PVA solution at the solution 
concentration of 5%, followed by sieving through 60 mesh, granulation and molding; and 

(5) It was heated at a heating rate of 5°C/min to 880°C and maintained at that 
temperature in air for 4 h. 

For the sintered material, the particles were fine, the distribution was uniform, the density 
was high, and the overall magnetic performance was excellent. In a very high frequency stage, 
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the initial magnetic conductivity reached 3.2. The cutoff frequency was increased remarkably, 
exceeding 1 GHz. The quality factor also showed a pronounced improvement over that of a 
material not sintered at a low temperature. 

Application Example 2 (Ba3C01.4Zno.4Cuo.2Fe23.6O41) 

(1) Analytically pure Fe2C>3, C02O3, BaC03, CuO and ZnO were weighed according to 
stoichiometric ratios; 

(2) Ball milling and mixing were carried out in ethanol by using steel balls as the medium 
for 24 h, followed by stoving and sieving through 60 mesh; 

(3) It was heated at a heating rate of 2°C/min to 1 140°C for pre-firing and maintained at 
that temperature for 4 h; 

(4) Bi 2 C>3 was added at 3 wt% to the pre-fired powder from Step (3), followed by ball 
milling and mixing for 48 h, after stoving, it was added to a 6-10% PVA solution at the solution 
concentration of 5%, followed by sieving through 60 mesh, granulation and molding; and 

(5) It was heated at a heating rate of 5°C/min to 875°C and maintained at that 
temperature in air for 6 h. 

For the sintered material, the particles were fine, the distribution was uniform, the density 
was high, and the overall magnetic performance was excellent. In a very high frequency stage, 
the initial magnetic conductivity reached 4.0. The cutoff frequency was increased remarkably, 
exceeding 1 GHz. The quality factor also showed a pronounced improvement over that of a 
material not sintered at a low temperature. 

A pplication Example 3 (Ba3C01.2Zno.4Cuo.4Fe23.6O41): 

(1) Analytically pure Fe2C>3, C02O3, BaCC>3, CuO and ZnO were weighed according to 
stoichiometric ratios; 

(2) Ball milling and mixing were carried out in ethanol by using steel balls as the medium 
for 24 h, followed by stoving and sieving through 60 mesh; 

(3) It was heated at a heating rate of 2°C/min to 1 100°C for pre-firing and maintained at 
that temperature for 4 h; 

(4) V2O5 was added at 2 wt% to the pre-fired powder from Step (3), followed by ball 
milling and mixing for 48 h, after stoving, it was added to a 6-10% PVA solution at the solution 
concentration of 5%, followed by sieving through 60 mesh, granulation and molding; and 

(5) It was heated at a heating rate of 5°C/min to 875°C and maintained at that 
temperature in air for 4 h. 

For the sintered material, the particles were fine, the distribution was uniform, the density 
was high, and the overall magnetic performance was excellent. In a very high frequency stage, 
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the initial magnetic conductivity reached 3.5. The cutoff frequency was increased remarkably, 
exceeding 1 GHz. The quality factor also showed a pronounced improvement over that of a 
material not sintered at a low temperature. 

Comparative Example 1 (Ba3Co2Fe2404i): 

By using the ordinary iron-oxygen substance sintering technology, appropriate amounts 
of analytically pure BaCC>3, C02O3 and Fe2C>3 were weighed according to molar ratios. Ball 
milling and mixing were carried out in ethanol by using steel balls as the medium for 24 h. It 
was pre-fired at 1200°C in air for 3 h. An 8 wt% PVA solution was added to the pre-fired 
powder at the solution concentration of 5%, followed by sieving through 120 mesh, granulation 
and molding. It was sintered in air at 1270°C. For the sample, the measured initial magnetic 
conductivity was 10. The quality factor could not satisfy the usage requirements. The porosity 
was relatively high. There were even gas pores present inside the crystal grains. 




Figure 2 
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